Abstract Praseodymium (Pr) doped SLS-ZnO glass composite material of chemical formula [(SLS) 0.5 (ZnO) 0.5 (Pr) x ] where x = 1 wt% sintered at 600, 700, 800, 900 and 1000°C were prepared by solid state technique. The structure, morphology and luminescence properties have been characterized by X-ray diffraction (XRD), Fourier transform infrared radiation (FTIR), UV-Vis spectroscopy, photoluminescence spectroscopy (PL), field emission scanning microscopy (FESEM) and energy dispersive X-ray (EDX). The XRD, FTIR and EDX studies reveal the formation of Zn 2 SiO 4 from SLS-ZnO host lattice. FESEM shown the particle size distribution would lead to a higher packing density by increasing sintering temperatures. The presence of Pr 3? ions into Zn 2 SiO 4 was confirmed by EDX analysis. The absorption peaks at 360, 444 and 616 nm originate in the UV and visible range were observed by UV-Vis spectroscopy. The PL spectrums with excitation at 444 nm exhibit two strong red emission peaks at *613 and *637 nm were attributed to the transition of 3 P o ?
Introduction
As far as from literature concerned, White Light Emitting Diodes (WLEDs) are of interest from technological and scientific standpoint because of their benefits in terms of long lifetime, long energy consumption, high luminous efficiency and reliability [1] [2] [3] . The common approaches of WLEDs are produced by combining GaN based blue LED chips with yellow phosphors [1] . However, this type of WLED has a low color rendering index because of the lack of sufficient red content. Therefore, it is necessary to develop a red phosphor with high emission intensity for the production of WLEDs.
Zinc silicate (Zn 2 SiO 4 ) is one of silicate phosphor has been identified as a very suitable phosphor host matrix with not only excellent chemical stability but also excellent luminescence properties in the blue, green and red spectral region [3] . In fact, Zn 2 SiO 4 exist in three structural polymorphs such a, b and !-Zn 2 SiO 4 [4] . It is found that, there are two meta stable phase such as b and !-Zn 2 SiO 4 were transformed into a phase by sintered at high temperature [4] . The a-Zn 2 SiO 4 phase is a stable binary compound that consists of isolated SiO 4 4-tetrahedrons and ZnO 4 6-tetrahedrons [5] . In recent years, glass ceramics have been investigated as unique properties due to the combination of glassy regions and crystalline regions [2] . Currently, the rapid development of rare earth doped glass ceramics can be designed for specific applications in laser and optical devices (optical fibers, waveguide laser and optical amplifier). Glass ceramics are produced by the controlled crystallization of a parent glass, can be classified as glass composite materials (GCMs) [6, 7] . It is well known, rare earth (RE) materials have characteristics emissions bands because of their abundant f-orbital configurations [8] [9] . Optical and morphology properties are strongly affected by the presence of the dopant in the host material [10] .
There are various methods to synthesize, Zn 2 SiO 4 such as conventional solid-state reaction and solution-based synthesis such as sol-gel, co-precipitation, spray pyrolysis, and hydrothermal method [3] .The conventional solid-state method has advantages of simple instrumentation, easy manipulation, environment friendly and available to a large-scale production are widely used in the industrial operation. However, the Zn 2 SiO 4 derived from conventional solid state method is exhibit highly cost of SiO 2 source [11] . Hence, development of a simple and environmentally friendly method to synthesize SiO 2 from soda lime silica (SLS) provides a facile way for low-cost and large-scale production in industry applications. According to Warren and Biscoe, SLS glass consists of continues random silicate network by rigid corner sharing SiO 2 tetrahedra [12] . SLS glasses those from bottle have attracted much attention because these glasses are cheap with melting temperature at 1400-1500°C are chemically durable and relatively easy to form the products at high speeds inexpensively [13] . Among the widely studied semiconductor material, zinc oxide (ZnO) is technologically versatile for many applications such as light emitting diodes, piezoelectric transducers and photocatalysta due to its wide direct band gap (3.37 eV) and a high exciton binding energy (*60 meV) [14] . Therefore, it is necessary to develop a red Zn 2 SiO 4 phosphor with high emission intensity for white light emitting diodes based on SLSZnO host matrix doped with Pr without incorporating expensive material at different sintering temperatures.
Methodology
A glass with the composition of [(SLS) 0.5 (ZnO) 0.5 (Pr) x ] where x = 1 wt% was prepared using melt-quenching method. SLS from bottles, ZnO and praseodymium oxide (Pr 6 O 11 ) were used as starting material. These powder in appropriate amount were mixed by ball milling for 24 h at 300 rpm in order to produce the homogenous mixture powder. The mixture powder was melted in the alumina crucible at 1400°C for 2 h. The molten glass was poured into the water to obtain the glass frit. The glass frit was then ground and sieved to a fine powder with a size of 63 lm. The powder consisting of 1.75 wt% polyvinyl alcohol binder was pressed into pellets with 10 mm diameter and approximately 2.2 mm thickness using a diepressing technique. The pellets were sintered in a furnace at 600, 700, 800, 900 and 1000°C (for 2 h) with a heating rate of 10°C/min in order to get the GCMs. The effective method for producing GCMs involves the sintering and crystallisation of powdered glass. The most important advantage of sinter-crystallisation is the ability of particles in the GCMs to form bond and hold the mass together at high temperature by atomic diffusion process [15] . The phase changes and crystal identifications of the sintered pellets were characterized by X-ray diffraction (XRD) (Philips X'Pert diffractometer model 7602 EA Almelo) with CuKa radiation. Fourier transforms infrared spectroscopy (FTIR) analysis of the pellets in the powder form was performed using Perkin Elmer spectrum 100 series with universal attenuated total reflectance accessory (ATR). The ultraviolet-visible (UV-Vis) spectrophotometer (Lambda 35, Perkin Elmer) was used to measure the absorption of the sintered pellet. The photoluminescence (PL) measurement was performed on a spectrometer model of Perkin Elmer LS 55 Fluorescence instrument. The microstructure and elemental analysis of the pellets were captured using FEI NOVA NanoSEM230 field emission scanning electron microscope (FESEM) and coupled with energy dispersive X-ray (EDX) (Oxford Instruments).
2 Results and discussion 2.1 X-ray diffraction (XRD) Figure 1 shows the XRD patterns of 1 % Pr: SLS-ZnO sintered at 600, 700, 800,900 and 1000°C respectively. It was evident that the sintering at 600°C shows characteristics of amorphous material. Sintering at a temperature of 700°C contained the major phase of aluminium sodium silicate (ICDD 000020625) and b-Zn 2 SiO 4 phase (ICDD Fig. 1 X-ray diffraction pattern of 1 % Pr:SLS-ZnO at 600, 700, 800, 900 and 1000°C 000140653). It is reported that, the b Zn 2 SiO 4 leads to the a-Zn 2 SiO 4 by sintering temperature higher than 800°C [5, 16] . From 800 to 1000°C, the sharp and narrow peaks indicate the a-Zn 2 SiO (ICDD 000371485) obtained to be well in a crystallized form as the major phase. The minor traces of aluminium sodium silicate, praseodymium silicate are observed at 800 to 1000°C. This result is in accordance with that Gotz and Masson (1978) reported that the transformation of orthorhombic b-Zn 2 SiO 4 into a-Zn 2 SiO 4 commenced at *835°C [5, 17] . Regarding the ZnO-SiO 2 binary phase diagram, a-Zn 2 SiO 4 is the equilibrium phase at atmospheric pressure while b-Zn 2 SiO 4 is a metastable phase [18] . Meanwhile, the peaks of Pr 2 O 3 are found at 1000°C suggesting that Pr 6 O 11 is reduced to Pr 2 O 3 at high temperature [19] . The appearance of minor peak related to Pr 2 SiO 5 or Pr 2 O 3 reveals the presence of Pr 3? ions in this compound of GCMs. The crystalline peaks of all samples increased with the increasing sintering temperature as shown in Fig. 1 . It is believed that, Zn 2? ions and Pr 3? ions reacted with surface SiO 2 to form a-Zn 2 SiO 4 in host matrix at high temperature [20] . The preparation temperature of Zn 2 SiO 4 via sol-gel is higher than 1100°C is reported by Li et al. [21] . However, in this study, the crystallize of Zn 2 SiO 4 can be formed at the temperatures lower than 1000°C due to the utilization of SLS glass.
Fourier transforms infrared spectroscopy (FTIR)
In Fig. 2 , FTIR study were performed for 1 % Pr: SLSZnO samples sintered at 600, 700, 800, 900 and 1000°C. The shift in the bands in the observed FTIR spectra is associated in correlation with the structural information from XRD measurements. After the samples was sintered at 600°C, the band around 495 cm -1 was assigned to the asymmetric stretching of SiO 4 [4] . The broad band in the *718 cm -1 is assigned asymmetric stretching of the ZnO 4 groups and could be address the amorphous character of sample since this band remained broad [22] . With further sintering to 700°C and above, the appearance of two bands that peaked at about *451 and *576 cm -1 corresponding to the asymmetric deformation SiO 4 and symmetric stretching ZnO 4 [23] . The appearance of the vibrations of SiO 4 group and ZnO 4 groups suggests the formation of Zn 2 SiO 4 [4] . This indicates that, Zn 2 SiO 4 has occurred to crystallize at 700°C and its crystallinity increases with increasing sintering temperatures. Meanwhile, the shoulder bands around *1184 cm -1 are originated from stretching vibration of Si-O-Si due to the slight excess amorphous silica [22] . The vibration bands at around *910 cm -1 can be attributed to the Si-O-Pr asymmetric mode [24] . Thus, it is strongly suggested the substitution of Pr ions into Si-O bonds can be revealed by FTIR spectra.
Luminescence

Ultraviolet-visible (UV-Vis) spectrophotometer
UV-Vis spectroscopic measurements at 600, 700, 800, 900, and 1000°C of 1 % Pr: SLS-ZnO were performed in Fig. 3 . The absorption bands at 360,444 and 616 nm originate in the UV and visible range were observed. The absorption band centered at 360 nm in the UV range can be associated with the 4f ? 5d transition of Pr 3? in a Zn 2 SiO 4 host matrix [25] . These shifts also are associated with the formation of oxygen vacancies [24] and ZnO [23] . The absorption bands in the blue region at 444 and 616 are attributed to the 3 
Photoluminescence (PL)
The excitation spectra of 1 % Pr-SLS-ZnO at 600, 700, 800, 900 and 1000°C are shown in Fig. 4 . Under the blue excitation of 444 nm, the emission spectrum exhibits the characteristics red emission and blue-green emission of Pr 3? ions. The excitation of commercial blue LED is supposed in the range of 420-470 nm for the fabrication of white LED [3] . The strongest red emission lines at 613 and 637 nm is ascribed to the 3 [25, 29] . These results are consistent with previous literature, which proved that strong sharp emission peaks at around *613, and *650 nm are suitable for the red color index in white LEDs [9, 30] [28] . The emission intensity of the phosphor system is closely dependent upon sintering temperature. It can be seen that the relative emission intensity of the 3 P o ? 3 H 6 is strongly affected by sintering temperature. The PL emissions intensity increase at 1000°C probably due to an improved crystallization of the host material as shown in XRD patterns. The effects will produce a better incorporation and distribution of the Pr ions as an atomic impurity into the host matrix that will result in an increase of the PL emission as the sintering temperature is increased [31] .
Field emission scanning microscopy (FESEM)
FESEM micrographs in Fig. 5a -e represent the microstructure of sintered GCMs for 1 % Pr: SLS-ZnO at 600, 700, 800, 900 and 1000°C respectively. As shown in Fig. 5a , the crystallinity was poor for the sample sintered at 600°C since its amorphous phase, which is in agreement with XRD results. From the Fig. 5b , c, it is found out that the particles were aggregated and irregular in shape. Figure 5d , e show that the particles were granular and homogenous distribution due to a reaction of the Pr 3? in the Zn 2 SiO 4 . It is observed that, the grain growth increased as the sintering temperature increased, which is consistent with the results reported previously [9] . Generally, the optical properties strongly related to the morphology of the particles such as size distribution, shape and defect [3] . As can be seen in Fig. 5e , the particle size distribution would lead to a higher packing density and higher resolution as well. Therefore, the increase of grain growth is explained by the agglomeration of particles and contributes to the optical properties as the sintering temperature increased [32] . EDX analysis presented in Fig. 6 provides evidence of substitution of Pr 3? in Zn 2 SiO 4 . The peaks of Si, Zn and O were observed which coincide with XRD results that indicate crystallization of Zn 2 SiO 4 at 1000°C. Meanwhile, the detection peaks of Na, Mg, Al and Ca were due to the utilization of SLS glass from the bottles.
Conclusions
1 % Pr: SLS-ZnO GCMs at different temperatures have been successfully synthesized by solid state method. The formation of Zn 2 SiO 4 in the ZnO-SLS glass matrix is proven by XRD, FTIR, FESEM and EDX analysis. The results are consistent with the evolution of the crystalline structure and luminescence properties that related on the sintering temperature. Thus, the increase in crystallinity of SLS-ZnO is attributed to the improved luminescence by increasing sintering temperature. On the other hand, the substitution of dopant into the host lattice can change its structural and luminescence properties as well. In other words, the introduction of Pr 3? into the SLS-ZnO at 1000°C can achieve maximum red emission intensity at *613 nm for the red Zn 2 SiO 4 phosphors in WLED applications.
